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Abstract 
AIM
To quantify the preventive fraction of physical fitness 
on the risk factors in patients with cardiovascular 
diseases (CVDs).
METHODS
A total of 249 subjects (205 men and 44 women) 
suffering from CVD were categorized into four groups, 
according to their percentage of physical fitness. We 
calculated the odds ratio to obtain the preventive 
fraction in order to evaluate the impact of the physical 
fitness level on the risk factors (i.e. , abdominal obesity, 
depression, diabetes, dyslipidemia, hypertension, 
obesity, overweight and smoking). 
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RESULTS
It is observed that a normal physical fitness level is 
sufficient to induce a preventive action on abdominal 
obesity (38%), diabetes (12%), hypertension (33%), 
obesity (12%) and overweight (11%). Also, the 
preventive fraction increases with the level of physical 
fitness, in particular for hypertension (36%) and 
overweight (16%). A high physical fitness level does 
not necessarily induce a preventive action in most risk 
factors, excluding depression. 
CONCLUSION
This is the first study which demonstrates that reaching 
a normal physical fitness level is enough to induce a 
protection for some risk factors, despite having a CVD.
Key words: Physical fitness; Cardiovascular diseases; 
Risk factors; Preventive fraction; Epidemiological study
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Core tip: The effect of physical fitness on the risk factors 
in patients who have developed a cardiovascular disease 
remains an open question. This retrospective study aims 
to measure the preventive fraction of the risk factors 
observed at different level of the physical fitness. Our 
work provides new insights on the aggregate role of 
physical fitness in the development of risk factors in 
patients with cardiovascular diseases. These results 
may interest the readership and the journal due to its 
novelty and of its possible therapeutic use. 
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INTRODUCTION
Cardiovascular diseases (CVDs) remain the main cause 
of death in the world with about 17.5 million deaths[1]. 
Over the past few years, more and more people in the 
world develop CVDs; the American Heart Association 
(AHA) estimated that one in three Americans has a 
cardiac pathology[2]. As a matter of fact, in 2014, Nichols 
et al[3] observe that almost half of the deaths in Europe 
are attributable to CVDs, touching approximately 1.9 
million men and 2.2 million women. 
The development of different risk factors[4] (i.e., 
abdominal obesity, depression, diabetes, dyslipidemia, 
hypertension, obesity, overweight, smoking) and 
physical inactivity promote CVDs. Physical inactivity, 
which is the fourth cardiovascular risk factor, has 
deleterious effects on general and cardiovascular 
health[5]. It is responsible for 5.3 million deaths[6] 
and it may be responsible for 12% of the risk factors 
of CVDs[7]. CVDs are usually associated with a high 
level of risk factors[8]. Thus, the practice of physical 
activities allows to decrease the risk of CVDs[9] and has 
a protective role against metabolic risk factors[10]. In 
point of fact, non limited to CVDs, physical activity can 
be considered a non-pharmacologic treatment both 
in human for other diseases such as musculoskeletal 
diseases[11,12] and immunology diseases[13,14].
Cardiac rehabilitation vs a conventional therapy[15] 
induces a reduction of 20% to 32% of all-cause 
mortality[16]. The goal of cardiac rehabilitation for CVDs 
is to improve their physical fitness[17] and to reduce 
CVDs in accordance with current guidelines[18]. We 
know that the level of physical fitness has an impact 
on mortality[19] and that the practice of physical activity 
has benefits on the risk factors after cardiovascular 
rehabilitation programs[16]. However, we do not know 
the preventive action of physical fitness on the risk 
factors in patients who have developed CVDs.
Consequently, the aims of this work are, on the 
one hand, to observe the distribution of risk factors 
according to physical fitness and, on the other hand, to 
study the impact of physical fitness on the preventive 
fraction of the risk factors in a population of cardiac 
subjects. We hypothesize that a normal physical fitness 
level in CVD patients is enough to induce a preventive 
action on cardiovascular risk factors.
MATERIALS AND METHODS
Study population
In this retrospective epidemiological study, all data 
were collected in May, 2008 from subjects with CVDs 
admitted in a cardiac rehabilitation center. Inclusion 
criteria were participants with coronary, infarct, heart 
failure or valvulopathy, and the exclusion criteria 
were participants under 18 years old and with lung 
disease as primary pathologies. Informed consent was 
obtained from all participants, and this investigation 
was conducted in accordance to the World Medical 
Association Declaration of Helsinki, and depended on 
country rules (law n°2004-806; August 9, 2004).
 
Assessment of the physical fitness
At their admission to the cardiac rehabilitation 
program, all the subject were evaluated for risk factors 
and physical fitness. Physical fitness of subjects was 
evaluated from an exercise stress test on ergocycle, 
conducted by physicians, physiotherapists and 
exercise physiologist, in accordance with the current 
recommendations of AHA[20]. In order to evaluate the 
physical fitness of subjects, the maximum oxygen 
consumption (V·O2peak) was calculated using 
equations published by Wasserman and Hansen 
normalizing V·O2peak depending age, gender, weight 
and height[21,22]. The percentage of physical fitness is 
the ratio between V·O2peak measured and V·O2peak 
predicted. It has been calculated using the following 
27 April 26, 2018|Volume 10|Issue 4|WJC|www.wjgnet.com
Caru M et al . Preventive fraction of physical fitness 
equation: % predicted
V·O2peak = measured V·O2peak (mL·kg-1·min-1)/
predicted V·O2peak (mL·kg-1·min-1) × 100
Assessment of the risk factors
Cardiovascular risk factors were defined by the 
following standards[23,24] at the time of the study and 
were analysed from recent medical records (less than 
2 mo) of patients or evaluated at the entrance on the 
program. Abdominal obesity was defined if the values 
of the abdominal circumference were ≥ 102 cm for 
the male and ≥ 88 cm for the female. Diabetes was 
defined if a subject had a high fasting glucose (> 126 
mg/dL or > 7.0 mmol/L), a high non-fasting glucose 
(> 198 mg/dL or > 11.0 mmol/L), a high glycated 
hemoglobin (HbA1C > 7%), a diagnosis of diabetes by 
a physician, a self-reported use of oral hypoglycemic 
treatment or insulin. Dyslipidemia was defined if a 
subject had a high total serum cholesterol level (> 250 
mg/dL or > 6.5 mmol/L), a high LDL-cholesterol (> 
155 mg/dL or > 4.0 mmol/L), a low HDL-cholesterol 
(for the male: < 40 mg/dL or < 1.0 mmol/L and for 
the female: < 48 mg/dL or < 1.2 mmol/L), a self-
reported use of a treatment for abnormally high levels 
of cholesterol or a diagnosis of dyslipidemia by the 
physician. Hypertension was defined if a subject had 
a high blood pressure (≥ 140/90 mmHg at rest), a 
self-reported use of treatment for hypertension, or a 
diagnosis of hypertension by the physician. Overweight 
was defined if the subject had a body mass index 
(BMI) between 25 and 30 and obesity was defined 
if the subject had a BMI upper than 30. Depression 
was defined by a self-reported use of a treatment 
or diagnosis of depression by a physician. The risk 
factor associated with smoking was allocated into two 
categories. Participants classified as “smokers” had 
the characteristic of being active smokers, having an 
almost daily consumption or consuming a cigarette 
for the last time in the six months before the testing 
procedure. Participants “non-smokers” had the 
characteristic of never having smoked or the cessation 
of cigarette smoking more than six months before the 
testing procedure.
Preventive fraction
The preventive fraction is a ratio used in epidemio-
logical studies to assess the impact of an exposure 
factor (physical activity) on a disease (risk factors)[25,26]. 
Assuming that the exposure factor (physical activity) is 
represented by its consequence (physical fitness)[27]. It 
is an important evaluation tool, which allows knowing 
the preventive action of the physical fitness levels on 
the risk factors studied. The PF is derived from odds 
ratio (OR), indeed, the OR is a measure of association 
between the physical fitness level and the risk factors. 
Thus, the preventive fraction can be calculated when 
OR is under one, as PF = (1-OR). It can then be 
expressed in percentage with the following equation: 
PF (%) = (1-OR) × 100. This provides a percentage of 
risk factors reduction in the exposed group that can be 
attributed to the beneficial exposure of physical fitness 
level of the subjects[25].
Statistical analysis
The final data analysis has allowed to obtaining, for 
each subject, a physical fitness levels in the aim to 
normalize the data and to obtain a classification by 
physical fitness levels (i.e., high, normal, low and 
poor). The higher the percentage was, the higher the 
physical fitness level was, and inversely. We considered 
the subjects with a normal physical fitness as being 
physically active before their CVDs and conversely for 
the subjects with a poor physical fitness[28]. 
Statistical analysis was performed using R (R 
Foundation for Statistical Computing, Vienna, Austria). 
Quantitative variables were represented by their mean 
and median and their dispersion was evaluated by 
the standard deviation. Qualitative variables were 
represented by their frequency. To compare two 
means, a two-tailed Student t-test was performed 
with a significance level of 5%. Comparisons of two 
percentages were performed through a χ 2 test with 
a threshold at 5%. The Fisher exact test (performed 
using univariate analysis) was used when the 
conditions for applying the χ 2 test were not met. We 
carried an analysis of variance (ANOVA) at one factor, 
for the multiple comparisons of the means. The χ 2 
tests were applied to contingency tables, comparing 
multiple categorical variables. The α risk was controlled 
by Holm method in the analysis of variance and by 
the Tukey’s HSD for the χ 2 tests. The OR, related 
to the risk factors, were obtained using the logistic 
regression. The selection of logistic regression models 
was made by minimizing the Akaike criterion. The PF 
was obtained from the OR when OR < 1.
RESULTS
Characteristics of all participants (n = 249) are shown in 
Table 1. In each model, the subjects were divided into 
two groups (Table 2) according to their physical fitness 
level. This distribution allowed to assigning the subjects 
in the modela, from group 1 with a normal physical 
fitness level (≥ 80% predicted V·O2peak) to group 
2 with a poor physical fitness level (< 80% predicted 
V·O2peak). In the modelb, the subjects were assigned 
to a group 1 with the high physical fitness level (≥ 
100% predicted V·O2peak) to group 2 with the low 
physical fitness level (< 100% predicted V·O2peak). We 
observed in Figure 1 that subjects with a high physical 
fitness level were less exposed to different risk factors, 
compared to those with a low physical fitness level. 
According to our study design we observed (Table 2) 
that the V·O2peak during exercise stress test of the 
subjects, in the modela and modelb, was higher for 
subjects in group 1 than in group 2. The V·O2peak in 
the group 1b was higher than the one in the group 1a 
during exercise stress test because, only the subjects 
28 April 26, 2018|Volume 10|Issue 4|WJC|www.wjgnet.com
Caru M et al . Preventive fraction of physical fitness 
29 April 26, 2018|Volume 10|Issue 4|WJC|www.wjgnet.com
26.2 ± 4.9 mL·kg-1·min-1, respectively). 
The OR was calculated to obtain the PF of the 
cardiovascular risk factors in order to assess the 
effect of the exposure factor. Upon univariate analysis 
(Table 3), in the modela, PF was calculated for age 
(6%), abdominal obesity (38%), diabetes (12%), 
hypertension (33%), obesity (12%) and overweight 
(11%). In the modelb, PF was calculated for the age 
(5%), abdominal obesity (37%), depression (22%), 
hypertension (36%) and overweight (16%). In both 
models, PF was not calculated for dyslipidemia and 
smoking because OR > 1. 
DISCUSSION
Our main results validate the hypothesis whereby a 
normal physical fitness level provides a preventive 
action on cardiovascular risk factors despite people 
having already developed a CVD. The findings add new 
insights with previously published reports[29] and allow 
the identification of a prophylactic effect of the physical 
fitness on cardiovascular risk factors studied despite 
presenting the diagnosis of heart disease. 
The presence of risk factors for the patient does not 
necessarily imply a direct relationship between cause 
and effect because some people could have a CVD 
inheritance. Moreover, it is not necessary to have risk 
factors to develop a CVD, the genetic heritage of the 
person might be the cause[30]. The overall percentage 
of the risk factors prevalence seems to be higher in our 
population compared to previous studies, nevertheless, 
it follows the trend according to the exposure of 
patients to differents cardiovascular risk factors[31,32]. 
Several epidemiological studies demonstrated that low 
physical activity levels are associated with a higher 
which had the highest physical fitness were assigned to 
the group 1b. In Group 1a, the subjects had a V·O2peak 
during exercise stress test (23.6 ± 5.1 mL·kg-1·min-1) 
similar to the V·O2peak predicted (23.4 ± 4.7 mL·kg-
1·min-1), whereas in group 1b, the V·O2peak during 
exercise stress test (25.5 ± 5.5 mL·kg-1·min-1) is much 
higher than the V·O2peak predicted (22.4 ± 4.6 
mL·kg-1·min-1). In group 2a and group 2b, V·O2peak 
during exercise stress test (20.0 ± 3.5 mL·kg-1·min-1 
and 20.9 ± 4.0mL·kg-1·min-1, respectively) were lower 
than V·O2peak predicted (27.8 ± 4.6 mL·kg-1·min-1 and 
Table 1  Characteristics of the included subjects (n  = 249) in 
this studies n%
Variables mean ± SD
Gender (males/females) 205/44
Age, yr     61.8 ± 11.4
Weight, kg     78.7 ± 15.7
Height, cm 169.9 ± 8.5
Body Mass Index, kg.m-2   27.2 ± 4.6
Pmax during exercise stress test, W   108.6 ± 35.7
Pmax predicted, W   167.5 ± 48.2
V·O2 peak during exercise stress test, mL/kg·min   22.1 ± 4.8
V·O2 peak predicted   25.2 ± 5.1
METs peak during exercise stress test, mL/kg·min     6.3 ± 1.4
Physical fitness, % predicted V·O2 peak     89.6 ± 20.5
Risk factors Prevalence, n (%)
Abdominal obesity 174 (69.9)
Depression   58 (23.3)
Diabetes   62 (24.9)
Dyslipidemia 220 (88.4)
Hypertension 161 (64.7)
Obesity   57 (22.9)
Overweight 105 (42.2)
Smoking 186 (74.7)
Pmax: Maximal power; V·O2: Maximal oxygen consumption; METs: Metabolic 
equivalents of task.
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Figure 1  Distribution of the risk factors by the physical fitness level. From left to right for each risk factor: the first column (very clear gray) represents the group 1a 
(normal physical fitness), the second column (light gray) represents the group 2a (poor physical fitness), the third column (dark gray) represents the group 1b (highest 
physical fitness) and the fourth column (black) represents the group 2b (lowest physical fitness). 
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prevalence of most CVDs risk factors[29]. Our group 2b, 
composed of patients with the lowest physical fitness 
level, confirms this observation. It is shown that a low 
physical fitness level is associated with an important 
risk factor and with increased mortality for both men 
and women[33]. The physical fitness level declines with 
the age, even more, if a regular physical activity is 
not preserved. Contrary to what is observed in the 
literature[34], our study show that the subjects in the 
group 1a with a normal physical fitness level (20% 
below the predicted) and in the group 1b with a high 
physical fitness level were the oldest (64.7 ± 11.0 
years old and 66.2 ± 11.7 years old, respectively). 
The subjects physically or professionally active 
before their cardiac events, no matter their age, 
will be able to have a better physical fitness level 
than those who were physically inactive. Within this 
context, our study observed positive results for the 
patients admitted into a cardiac rehabilitation center. 
Indeed, getting a physical fitness level close to the 
baseline level (even 20% below the predicted fitness) 
induces a preventive action on the cardiovascular 
risk factors. In the group 1a, we observed a positive 
action of the physical fitness level on five of our eight 
risk factors studied (i.e., abdominal obesity, diabetes, 
hypertension, obesity and overweight). A correlation 
between physical activity and physical fitness level 
demonstrates that it is the practice of physical activity that 
could reduce many risk factors[33]. Kodama et al[35] have 
confirmed that the physical fitness level is associated 
Table 2  Characteristics of subjects for each of models
Variables (units) Modela P  value Modelb P  value
Group 1a 
(n  = 143)
Group 2a 
(n  = 106)
Group 1b 
(n  = 64)
Group 2b 
(n  = 185)
Gender (males/females) 101/42 104/2 - 39 / 25 166 / 19 -
Age (yr)     64.7 ± 11.0     58.0 ± 10.8 0.001     66.2 ± 11.7     60.3 ± 10.9 0.001
Weight (kg)     77.2 ± 14.8     80.7 ± 16.6 0.090     75.0 ± 15.1     80.0 ± 15.7 0.030
Height (cm) 167.8 ± 9.1 172.7 ± 6.8 0.001 166.3 ± 8.1 171.2 ± 8.3 0.001
Body Mass Index (kg/m2)   27.8 ± 4.2   27.0 ± 5.0 0.500   27.0 ± 4.3   27.2 ± 4.7 0.700
Pmax during exercise stress test (W)   118.0 ± 39.1     95.8 ± 25.7 0.001   128.3 ± 45.0   101.7 ± 29.1 0.001
Pmax predicted (W)   150.8 ± 46.9   190.0 ± 40.3 0.001   139.5 ± 49.9   177.2 ± 43.7 0.001
V·O2 peak during exercise stress test (mL/kg/min)   23.6 ± 5.1   20.0 ± 3.5 0.001   25.5 ± 5.5   20.9 ± 4.0 0.001
V·O2 peak predicted (mL/kg/min)   23.4 ± 4.7   27.8 ± 4.6 0.001   22.4 ± 4.6   26.2 ± 4.9 0.001
METs peak during exercise stress test     6.8 ± 1.5     5.7 ± 1.0 0.001     7.3 ± 1.6     6.0 ± 1.1 0.001
Physical fitness (% predicted V·O2 peak)   102.2 ± 17.6   72.6 ± 8.1 0.001   115.2 ± 19.2     80.8 ± 11.7 0.001
Modela-group 1a: Patients with a normal physical fitness level; Modela-group 2a: Patients with a poor physical fitness level; Modelb-group 1b: Patients with 
a high physical fitness level; Modelb-group 2b: Patients with a low physical fitness level. Pmax: Maximal power; V·O2: Maximal oxygen consumption; METs : 
Metabolic equivalents of task. 
Table 3  Measures-univariate and multivariate on subjects with cardiovascular risk factors 
Variables Univariate analysis Multivariate analysis
OR (95%CI) P  value PF (95%CI) OR (95%CI) P  value PF (95%CI)
Modela
   Age 0.94 (0.92; 0.96) < 0.001  0.06 (0.04; 0.08) 0.93 (0.90; 0.96) < 0.001 0.07 (0.04; 0.10)
   Abdominal obesity 0.62 (0.36; 1.07)  0.09   0.38 (-0.07; 0.64) -
   Depression 1.02 (0.56; 1.85)  0.92 - -
   Diabetes 0.88 (0.48; 1.57)  0.68   0.12 (-0.57; 0.52) -
   Dyslipidemia 1.24 (0.56; 2.83)  0.59 - -
   Hypertension 0.67 (0.39; 1.13)  0.13   0.33 (-0.13; 0.61) -
   Obesity 0.88 (0.48; 1.61)  0.70   0.12 (-0.60; 0.52) -
   Overweight 0.89 (0.53; 1.48)  0.65   0.11 (-0.48; 0.47) 0.64 (0.35; 1.14)    0.130 0.36 (-0.14; 0.65)
   Smoking 2.48 (1.34; 4.74) < 0.010 - -
Modelb 
   Age 0.95 (0.92; 0.97) < 0.001 0.05 (0.03; 0.08) 0.95 (0.92; 0.98)    0.001 0.05 (0.02; 0.08)
   Abdominal obesity 0.63 (0.32; 1.20)  0.17   0.37 (-0.20; 0.68) -
   Depression 0.78 (0.41; 1.54)  0.47   0.22 (-0.54; 0.59) -
   Diabetes 1.11 (0.58; 2.22)  0.75 - -
   Dyslipidemia 1.11 (0.44; 2.57)  0.80 - -
   Hypertension 0.64 (0.33; 1.18)  0.16   0.36 (-0.18; 0.67) -
   Obesity 1.39 (0.70; 2.94)  0.36 - 3.40 (1.06; 11.83)    0.040 -2.4 (-10.83; -0.06)
   Overweight 0.84 (0.47; 1.49)  0.55   0.16 (-0.49; 0.53) -
   Smoking 2.03 (1.08; 3.76)  0.02 - -
-: This variable was eliminated from the selection of logistic regression models in minimizing the Akaike criterion. Modela: Patients with a normal physical 
fitness level; Modelb : Patients with a high physical fitness level; OR: Odds ratio; PF: Preventive fraction. 
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with a weakening in CVDs. The subjects who are 
exposed to a high physical fitness level (group 1b) 
are susceptible to get a higher preventive action on 
hypertension than group 1a (PF = 36% and PF = 33%, 
respectively). It is argued that improving physical 
fitness, through the physical activity, has an effect on 
hypertension by reducing blood pressure[36]. Physical 
activity is also important in the fight against the 
weight gain and the development of fat and abdominal 
obesity which are favorable to the appearance of 
hypertension[37]. Thus, our results show a preventive 
action of the normal and high physical fitness level 
groups on the abdominal obesity. This preventive action 
is in favor of the group 1a (PF = 38%), comparatively 
to the group 1b (PF = 37%). In a recent study, it has 
been shown that the excess of abdominal fat would 
be associated with a higher risk of cardiovascular 
mortality than overweight or obesity[38]. Physical 
activity is known to decrease the risk of cardiovascular 
mortality in patients with obesity[39]. In our study, it is 
clearly identified that a normal physical fitness level 
induces a preventive action on the obesity (PF = 12%) 
since the group 1b has not observed a benefit action 
of the exposure factor on this risk factor. We observe 
the same result for diabetes risk factor. Indeed, the 
group with a normal physical fitness level induces a 
preventive action for diabetes (PF = 12%), which was 
not observed for the subjects with a high physical 
fitness level. Reaching moderate or high physical 
activity levels reduce the risk of CVDs mortality in 
type 2 diabetics patients[40] by improving glucose 
metabolism and insulin sensitivity[37]. A moderate 
exercise program can also reduce the diabetes risk and 
percentage of body fat[41]. It is especially important in 
the prevention of cardiovascular risk factors because 
the subjects who suffer overweight have a high risk of 
developing diabetes[42]. Our results demonstrate that 
the subjects who have a normal physical fitness level 
induce a preventive action of 11% on the overweight 
risk factor. A 5% difference, in favor of group 1b with a 
high physical fitness level (PF = 16%), was observed 
for overweight. The logistic regression models in the 
multivariate analysis have shown that the group 1a, 
composed of subjects with a normal physical fitness 
level, induced a preventive action of 36% on the 
overweight. These findings strengthen our hypothesis 
and highlight the importance of having a normal 
physical fitness level, without necessarily being a 
patient with a high physical fitness level.
Yet, only the group 1b with a high physical fitness 
level induce a preventive action on the depression risk 
factor (PF = 22%). We have not observed a preventive 
action on the depression in the patients with a normal 
physical fitness level. The subjects with a low self-
reported physical activity levels are associated with 
an increased prevalence of depressive symptoms[43]. 
The patients with CVDs and with depression are likely 
to have recurrent heart problems[44,45]. According to 
Gary et al[46] the patients who are facing a cardiac 
complication recognize a depressive episode afterward. 
Furthermore, our results demonstrate the importance 
of having a high physical fitness level, before and after 
a cardiac event, to induce a preventive action on the 
depression. Finally, our findings have not observed a 
preventive action for smoking, this is consistent with 
the statement of Marín Armero et al[47] who suggest 
that the best way to stop smoking is to combine 
smoking cessation with a psychological program. 
Smoking may induce changes in the serum lipoprotein 
profiles causing an increase in total cholesterol[48], 
which might explain that no positive effect of the 
physical fitness levels were observed for dyslipidemia.
This study is based in retrospective data, which 
may represent some limitations. Retrospective studies 
have disadvantages because peoples who were 
responsible for the data collections might have made 
classification errors or information bias. This is why we 
have worked closely with the cardiologist of the cardiac 
rehabilitation center whose data were from. Also, as 
pharmacological treatments could have been optimized 
since the data collection it could be argued that results 
would have been different and that the positive impact 
of physical training would be attenuated. Over a long 
period (from 1988 until now), since the firsts meta-
analysis by Oldridge et al[49] and O’Connors et al[50] and 
despite the increasing development of new medication, 
the result of exercise on mortality reduction in 
CVDs is quite constant[16]. The works of Bouchard et 
Shepard shows that a part of physical fitness can be 
genetically determined and not related to environment 
(by physical activity practice)[51]. Finally, treatments 
were not introduced in the study as recruitment were 
made from University hospital with patients arriving 
with optimized treatment so inducing a low deviation 
between subject, furthermore due to the small number 
of the subjects for such a study we did not separate 
the different pathologies in the analysis and consider 
CVD’s as a whole group. 
It is established that the exercise capacity is an 
important prognostic factor in patients with CVD[28]. 
There is evidence of an inverse relationship between 
the physical activity and CVDs; our study reinforces 
these statements. Regular physical activity is a 
practice accessible to all patients with CVDs, but 
it may be difficult to adhere to an aerobic-based 
exercise program, due to external constraints. Our 
study suggests that even if the recommendations of 
ACSM[52] (allowing to reach 100% of the theoretical 
physical fitness) are not met, a normal physical fitness 
level, even 20% below the predicted fitness, is enough 
to reduce some of the risk factors studied. This is in 
concordance with the recommendations of European 
Society of Cardiology[53] which supports that the 
subjects with a physical fitness level, even 25% below 
the predicted fitness, will face long-term health issues. 
The practice of physical activity should be maintained 
throughout life to preserve these training effects[19]. 
In summary, this study demonstrated that a normal 
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physical fitness level induces a preventive action for 
most risk factors studied and that a high level of physical 
fitness does not necessarily lead to a better preventive 
fraction. Our work provides new insights on the 
aggregate role of physical fitness in the development of 
cardiovasculars risk factors.
ARTICLE HIGHLIGHTS
Research background
Cardiovascular diseases (CVDs) remain the main cause of death in the world 
with about 17.5 million deaths. CVDs are usually associated with a high level 
of risk factors. The practice of physical activity has benefits on the risk factors, 
however, we do not know the preventive action of physical fitness on the risk 
factors in patients who have developed CVDs. Thus, this study aims to quantify 
the preventive fraction of physical fitness on the risk factors in patients with 
CVDs.
Research motivation
The effect of physical fitness on the risk factors in patients who have developed 
a cardiovascular disease remains an open question. Regular physical activity is 
a practice accessible to all patients with CVDs, but it may be difficult to adhere 
to an aerobic-based exercise program, due to external constraints. 
Research objectives 
Quantifying the preventive fraction of physical fitness on the risk factors in 
patients with CVDs is very important. The aggregate role of physical fitness in 
the development of cardiovascular risk factors needs to be better documented. 
Our work provides new insights on this research field.
Research methods
A total of 249 subjects (205 men and 44 women) suffering from a CVD were 
categorized into four groups, according to their percentage of physical fitness. 
The physical fitness of subjects was evaluated from an exercise stress test on 
an ergocycle. We calculated the odds ratio to obtain the preventive fraction 
in order to evaluate the impact of the physical fitness level on the risk factors 
(i.e., abdominal obesity, depression, diabetes, dyslipidemia, hypertension, 
obesity, overweight and smoking). The preventive fraction is a ratio used in 
epidemiological studies to assess the impact of an exposure factor (physical 
fitness) on a disease (risk factors). It is an important evaluation tool that allows 
knowing the preventive action of the physical fitness levels on the risk factors 
studied. 
Research results
It is observed that a normal physical fitness level is sufficient to induce a 
preventive action on abdominal obesity (38%), diabetes (12%), hypertension 
(33%), obesity (12%) and overweight (11%). Also, the preventive fraction 
increases with the level of physical fitness, in particular for hypertension (36%) 
and overweight (16%). A high physical fitness level does not necessarily induce 
a preventive action in most risk factors, excluding depression. Our study 
suggests that even if the recommendations of ACSM (allowing to reach 100% 
of the theoretical physical fitness) are not met, a normal physical fitness level, 
even 20% below the predicted fitness, is enough to reduce some of the risk 
factors studied.
Research conclusions
This study demonstrates that a normal physical fitness level induces a 
preventive action for most risk factors studied. A high level of physical fitness 
does not necessarily lead to a better preventive fraction. CVDs remain the 
main cause of death in the world with about 17.5 million deaths. It is observed 
that almost half of the deaths in Europe are attributable to CVDs, touching 
approximately 1.9 million men and 2.2 million women. The development of 
different risk factors (i.e., abdominal obesity, depression, diabetes, dyslipidemia, 
hypertension, obesity, overweight, smoking) and physical inactivity promote 
CVDs. The practice of physical activities allows to decrease the risk of CVDs 
and has a protective role against metabolic risk factors. 
Research perspectives
There is evidence of an inverse relationship between the physical activity and 
CVDs; our study reinforces these statements. However, it may be difficult to 
adhere to an aerobic-based exercise program, due to external constraints. 
Our study suggests that a normal physical fitness level, even 20% below the 
predicted fitness, is enough to reduce some of the risk factors studied. The 
practice of physical activity should be maintained throughout life to preserve 
these training effects. The future research should include the pharmacological 
treatments.
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